Plant transpiration is a key component of the terrestrial water cycle, and it is important to understand whether rates are likely to increase or decrease in the future. Plant transpiration rates are affected by biophysical factors, such as air temperature, vapour pressure deficits and net radiation, and by plant factors, such as canopy leaf area and stomatal conductance. Under future climate change, global temperature increases, and associated increases in vapour pressure deficits, will act to increase canopy transpiration rates. Increasing atmospheric CO 2 concentrations, however, is likely to lead to some reduction in stomatal conductance, which will reduce canopy transpiration rates. The objective of the present paper was to quantitatively compare the importance of these opposing driving forces. First, we reviewed the existing literature and list a large range of observations of the extent of decreasing stomatal conductance with increasing CO 2 concentrations. We considered observations ranging from short-term laboratory-based experiments with plants grown under different CO 2 concentrations to studies of plants exposed to the naturally increasing atmospheric CO 2 concentrations. Using these empirical observations of plant responses, and a set of well-tested biophysical relationships, we then estimated the net effect of the opposing influences of warming and CO 2 concentration on transpiration rates. As specific cases studies, we explored expected changes in greater detail for six specific representative locations, covering the range from tropical to boreal forests. For most locations investigated, we calculated reductions in daily transpiration rates over the twenty-first century that became stronger under higher atmospheric CO 2 concentrations. It showed that the effect of CO 2 -induced reduction of stomatal conductance would have a stronger transpiration-depressing effect than the stimulatory effect of future warming. For currently cold regions, global warming would, however, lengthen the growing seasons so that annual sums of transpiration could increase in those regions despite reductions in daily transpiration rates over the summer months.
Introduction
Climate change is now well recognised as an important environmental change that will shape our future. The most certain change is an increase in the atmospheric CO 2 concentration ([CO 2 ]). While most attention has been focused on the radiative consequences of increasing [CO 2 ] in the atmosphere [1] , [CO 2 ] also has direct effects on plant growth and function [2] [3] [4] . This can be seen in short-term photosynthetic responses [5] , growth responses in short-term experiments [6••] , growth responses in the field under artificially increased [CO 2 ] [7, 8] and in global patterns, such as reductions in river runoff [9] . CO 2 -response studies most commonly provide plants with adequate access to soil water. Under water-limited conditions, however, relative plant growth responses to elevated [CO 2 ] can potentially be even greater because increases in photosynthesis and decreases in stomatal conductance can together enhance water use efficiency to a numerically greater extent than the photosynthetic enhancement alone. This has led to the theoretical consideration that water plants grown with a limited water supply should respond more strongly to elevated [CO 2 ] than plants grown with adequate soil moisture [10] .
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The other likely climatic change is an increase in global temperature [1] , with the extent of temperature increases depending on the magnitude of increases in greenhouse gas concentrations. They can be described through different representative concentration pathways (RCPs), with future scenarios typically described as one of four scenarios, RCP 2.6, RCP 4.5, RCP 6.0 or RCP 8.5 [11] , with the respective numbers describing the increase in radiative forcing by the end of the twenty-first century. Anticipated temperature increases are expected to vary across the globe, with smaller increases expected for the tropics and larger increases at high latitudes [1] .
Increasing temperature is expected to increase evaporative demand because warmer air can hold more moisture. Provided the relative humidity remains the same, as has been observed to date [12] , vapour pressure deficits (VPDs) will increase with warming by about 5-6%°C −1 [13] , and that will drive increases in evapotranspiration rates [13] [14] [15] . While increasing temperature and VPD are the underlying driving forces for increases in evapotranspiration rates, the ultimate magnitude of changes in transpiration rates will be determined by the interplay between the increases in temperature and VPD and the canopy properties that control their heat and water vapour exchanges [13, 15] . In assessing future rates of water loss, it is important to distinguish between evaporation and transpiration, which together can be referred to as evapotranspiration. Evaporation refers to the evaporation of surface water, which can be from open water bodies, soil surfaces or from plant canopies if they are wet after rainfall events. Evaporation rates do not directly depend on plant processes. Plants neither restrict evaporative water loss through partial stomatal closure nor enhance it through plant roots that bring water to the surface from where it could evaporate. The shading of the soil surface by plant canopies and the extent of water held on wet plant foliage are, however, important indirect processes that influence evaporation rates.
Transpiration (E Tr ), on the other hand, refers to the movement of water through living plants. Transpiration rates are controlled by the combined effects of biophysical drivers and stomatal conductance. Partial stomatal closure can greatly curtail transpiration rates compared with the evaporation from free water surfaces subject to the same biophysical drivers [16•, 17•] . However, plants can also facilitate water loss by accessing water deep within the soil profile so that transpiration can be sustained even when there is no available surface water.
Future evaporation rates are likely to increase, driven principally by increasing temperature and VPD that increase evaporative demand. Transpiration rates, however, will be curtailed by partial stomatal closure in response to increasing [CO 2 ] [13, 18] . Climate change thus has two opposing effects on transpiration rates: increased temperature enhances the biophysical driving force of transpiration, thereby contributing towards increasing transpiration rates, while partial stomatal closure under elevated [CO 2 ] will restrict the diffusion of water vapour out of leaves and act as a restraint on transpiration rates.
For example, previous calculations of transpiration rates from tree canopies showed that decreasing stomatal conductance by 10% would be sufficient to negate the effect of warming by 1°C [13] . These two key opposing forces are thus of comparable magnitude. The key question is whether the balance of effects ultimately leads to increasing or decreasing transpiration rates. A number of studies have predicted that future evapotranspiration rates will increase substantially and could exceed increases in precipitation rates [e.g. [19] [20] [21] [22] , while other work suggested that future precipitation changes could exceed increases in transpiration rates [e.g. 13, 23] .
Studies that have used and/or compared different approaches to calculate evapotranspiration rates showed that these different outcomes are sensitive to the choice of the equations that were used [e.g. 15, 24, 25•] . Studies based on the Thornthwaite method or derived equations, like the Palmer Drought Index, generally predicted large increases in evapotranspiration rates [e.g. 21, 22, 26] , while studies based on more mechanistic approaches, like the Penman-Monteith equation, especially when they incorporated some degree of stomatal closure, predicted lesser or no future increases in evapotranspiration rates [e.g. 13, 23] .
Here, we examine likely net changes in transpiration rates into the future. In particular, we aim to quantify the competing effects of temperature increases and stomatal closure. We use a mechanistic formulation for our calculations that explicitly includes each of the relevant factors and their changes. The analysis that follows is specific to the transpiration component of evapotranspiration.
What we describe could more strictly be described as potential transpiration or the transpiration rate controlled by plant and weather factors but assuming that there are no limitations by available water. In regions with severely limiting precipitation, transpiration rates will be determined by the amount of available water. Instantaneous weather factors are then relegated to secondary importance and plant factors are dominated by a response to available soil water. The work described here assumes no water limitations, or a prescribed stress level for the first and simplest case we explore, and then models the response of transpiration rate to other factors expected to change into the future.
It is based on a small set of key assumptions that include:
1. The transpiration rate of plant canopies can be calculated with the Penman-Monteith equation (PMeq). 2. The PMeq can appropriately include the effect of increasing temperature on ET, both directly and indirectly through changes in VPD. In both cases, we assumed that a constant c i /c a is maintained. We excluded any changes due to changes in species shifts, canopy structure or nutrient feedbacks. We recognise that such other factors could play important additional roles, but the present work restricted itself to the defined smaller sub-set of possible interacting processes.
The validity of these various assumptions and their consequences is discussed and evaluated in the following. This is followed by the presentation of modelled results based on combining these assumptions.
Empirical Evidence to Underpin the Key Assumptions
Our calculations of changes in transpiration rates are based on the key assumptions stated above. In this section, we provide empirical evidence from the scientific literature to test these assumptions.
Calculating ET
Evapotranspiration rates can be calculated with a variety of different functions with different extents of physical rationales [28] . They range from very empirical, such as the Thornthwaite method [29] , to strongly process-based formulations, such as the Penman-Monteith equation [30] .
The Penman-Monteith equation is generally regarded as the best mechanistically based equation to calculate evapotranspiration rates [14, 15] , and it has become the recommended standard formulation for calculating evapotranspiration rates in the field [31] . One of the important attributes of the Penman-Monteith equation is its explicit inclusion of stomatal conductance to account for this important plant physiological response to an assessment of future water loss from plant canopies.
Stomatal Responses to Elevated [CO 2 ]
Experimental Observations Increased [CO 2 ] generally leads to some stomatal closure in most plants. This has been observed in small-scale studies of both woody and herbaceous species. Various data compilations have shown that stomatal conductance is typically reduced by about 40% under doubled [CO 2 ] [32] [33] [34] [35] [36] . However, the extent of stomatal closure in woody species is generally smaller than in herbaceous species, with only 11-21% stomatal closure across a range of studies on woody species, with a weaker response in older than younger trees and a weaker response in conifers than deciduous trees [37, 38] .
Importantly, changes in stomatal conductance are usually related to changes in assimilation rates so that the ratio of intercellular to ambient [CO 2 ] remains unchanged under elevated CO 2 [5] . This is a robust finding that allows some of the most confident predictions of future plant responses. Specifically, Medlyn et al. [37] found that future stomatal conductance could be modelled by fitting the Ball-Berry [39] [50, 51] .
More recently, studies of carbon isotope discrimination have been combined with evidence from eddy covariance data that allowed inference of water use efficiency from direct gas exchange measurements over successive years [52••] . Together, the combined data sets have provided strong support for the hypothesised increase in water use efficiency with increasing [CO 2 ] [3, 53, 54].
Historical River Runoff
Different studies have compiled data of global precipitation and river runoff [9, 55] and have shown that, despite decreasing precipitation, river runoff has increased since 1900 [9] and especially since 1960 [55] . Possible reasons include changes in land use, climate and the CO 2 and aerosol concentrations in the atmosphere. By modelling the influence of each of those factors separately for the five major continents and the world as a whole, it was found that the observed patterns were most consistent with a reduction in water use through stomatal closure in response to increasing [CO 2 ] [55] .
Another study [56] has argued, however, that the transpiration-suppressing effect of [CO 2 ] would be negated through the greater leaf area that can develop through CO 2 -enhanced growth. When that additional factor was included in their modelling, they concluded that overall, [CO 2 ] should have little net effect in reducing transpiration rates [56] . This study thus accepted that [CO 2 ] could lead to stomatal closure, but suggested that another CO 2 -induced physiological factor, increasing leaf area, could have an effect on transpiration rates of similar magnitude but opposite sign.
Satellite Observations
Global satellite coverage over recent decades has given unprecedented and global coverage of any changes in foliage cover over time. 2 ] is enhanced by both increases in photosynthetic rates and stomatal closure, it is numerically greater than the response of photosynthesis alone. That means that the relative growth stimulation by elevated [CO 2 ] should be greater under water-limited conditions unless it is over-ridden by additional higher-order plant physiological feedback processes.
Small-Scale Growth Experiments
A number of researchers have conducted high-CO 2 experiments with different levels of water availability and were able to compare plant growth responses between well-watered and water-stressed plants. For example, when different species were grown in wet and dry soils, it was observed that soil water was conserved under elevated [CO 2 ] and that water use efficiency greatly increased under both well-watered and water-stressed conditions [61, 62] . When these and similar findings were summarised, it was found that high-[CO 2 ] experiments commonly led to increased water use efficiency, but that plant water loss was not necessarily reduced because high-[CO 2 ] grown plants often had higher leaf areas [63] .
One of the problems with the findings from small-scale growth experiments is the confounding effect of measurements during the plants' exponential growth phase which compounds initial direct CO 2 [64] . In this compilation, tree species had particularly large photosynthetic increases, while reductions in stomatal conductance were more similar to that of other plant functional types. These average responses were in line with theoretical expectations.
Other analyses focused on the difference in growth response to elevated [CO 2 ] between wet and dry conditions and showed the expected enhanced CO 2 response for grasslands, with relative growth responses being much greater under lower rainfall [65] . For C 3 crop plants, however, the growth enhancement by elevated CO 2 was only slight and not statistically significant [66] .
Most FACE studies have also reported reductions in evapotranspiration rates [67] . However, a summary of results from existing FACE experiments from forests and other vegetation types did not find the expected enhanced growth stimulation under water-limited conditions, especially not in desert systems, for which a particularly strong water × CO 2 interaction might have been expected [68] . For forest systems, the data showed a slight decrease in CO 2 responsiveness with increasing mean annual rainfall, but when growth responses were calculated for each year separately, the driest years even had the weakest relative growth response to elevated [CO 2 ] [68] .
When the results of the Duke FACE experiment were analysed in greater detail, it was found that CO 2 responsiveness interacted with the stand's water and nutrient status [69] . Once the effect of nutrient status had been factored out, the expected enhanced relative growth stimulation at lower water availability emerged. The reconciled findings at the Duke FACE study highlight the difficulty of analysing the results of any specific study. Plants are always impacted by multiple internal and external factors that together determine their response to factors such as elevated [CO 2 ]. That also affects the interaction between the CO 2 response and factors such as the degree of water limitation. Without adequate consideration of these other factors, similar experimental conditions can lead to apparently divergent findings from similar experimental conditions and hinder the deduction of generic response patterns.
Acclimation of Photosynthetic Responses to Elevated [CO 2 ]
When plants are transferred to elevated [CO 2 ], one can readily observe an immediate strong increase in photosynthesis. However, many studies have observed some degree of subsequent down-regulation of photosynthesis [67, 68, [70] [71] [72] [73] . Arp [74] showed in a literature review that the extent of such down-regulation was strongly linked to the size of growth containers used, with strong down-regulation in small pots but no apparent down-regulations in field-grown plants. It pointed to an important role for root growth in utilising any extra available photosynthate under elevated [CO 2 ]. When root growth was curtailed by container size, it created a feedback inhibition that prevented the full utilisation of the potential CO 2 stimulation of photosynthesis.
A review of FACE experiments showed that downregulation was also seen in many FACE experiments and was strongly correlated with changes in leaf nitrogen concentrations [68] . That suggested that even without root restrictions photosynthetic down-regulation could occur through a link with plants' access to nutrient resources. Most studies have reported decreasing soil nitrogen concentrations under high-[CO 2 ] grown plants [75, 76] . Consistent with changes in soil-nutrient availability, plants grown in elevated [CO 2 ] typically have lower nutrient concentrations, which has led to the general notion of progressive nitrogen limitation [69] that would curtail plant responses to elevated [CO 2 ] [e.g. 77] .
It is thus not clear to what extent future photosynthetic CO 2 assimilation rates will increase in line with predictions from photosynthetic theory [27] or whether actual changes in photosynthesis will be curtailed through downward acclimation. In the following, we have considered responses of transpiration to future climate and CO 2 concentrations under two scenarios: first, we assumed that photosynthesis would be enhanced by elevated [CO 2 ], and second, we assumed photosynthesis would fully acclimate to increasing [CO 2 ] such that photosynthesis remains the same as in the current climate.
Calculating Transpiration Rates
For the work described here, we used the PMeq to calculate transpiration rates [e.g. 14]. Details of the equation and its standard parameters are given in Appendix A. Here in the main text, we only describe those parts in greater detail that are important for determining its response to climate change.
The VPD, Δ, was calculated as:
where the function e(T) describes the saturation vapour pressure (in Pa) at a temperature T (°C), T day is the daytime temperature at which calculations are done, and T min is the overnight minimum temperature or some other minimum temperature that last condensed water and determined the vapour pressure in the present parcel of air. The diurnal temperature range was assumed to remain constant under climate change so that T day and T min were changed by the same amount in the simulations below (see [78] for simulations where the effects of that assumption were explored). Aerodynamic resistance was treated as a constant for given vegetation types, thus ignoring any possible changes in wind profiles or canopy properties under future conditions. Canopy conductance was either treated as a constant for canopies under given physiological conditions (stressed or unstressed) as explicitly stated in respective sections below, or taken to be proportional to stomatal conductance, which was calculated based on the Ball-Berry relationship [39] . This ensured that a clear and explicit linkage between carbon gain and water use was maintained.
Stomatal conductance (mol m
) was therefore calculated as:
where k is a species-specific constant, A n (μmol m
) is photosynthetic net assimilation rate, r h is relative humidity (dimensionless), and c a (ppm) is the surface [CO 2 ].
Two cases can be distinguished here: (1) assimilation rate increases in line with increases in intercellular [CO 2 ] and (2) photosynthetic downward acclimation forces A n to remain the same in high and low [CO 2 ].
If A n remains the same, and if k and r h also remain constant, as was assumed here, then g s simply scales inversely with c a (Eq. 2).
If A n increases with increasing [CO 2 ], it becomes necessary to calculate A n , which, in turn, depends on the intercellular [CO 2 ], c i . Since assimilation rate must also satisfy the general diffusion equation,
with variables that have been defined before and the constant 1.6 that gives the ratio of the conductances of water vapour and CO 2 through the stomatal cavity. Equations 2 and 3 can then be combined and rearranged to give: For calculating changes in annual transpiration rates, we assumed that there would be no plant growth and no transpiration when monthly mean minimum temperatures were less than 0°C [79] . Further details on the conversion from leaf level stomatal conductance to canopy conductance are given in Appendix A.
The non-linearity of the PMeq prompted us to check how changes in instantaneous calculations at single points in time relate to changes in mean daily transpiration rates. The advantage of reporting changes in instantaneous rates lies in its transparency. All relevant inputs are clear and involve just a single set of calculations. On the other hand, future changes in whole-day transpiration rates are generally more practically meaningful measures of water dynamics, but they involve many additional calculations. These complications can be avoided if relative changes of instantaneous and daily rates are the same.
We therefore tested how changes in instantaneous rates compared with changes in daily sums. Most of the inputs to the PMeq have large diurnal variations, especially when they include calculations of assimilation rates for calculating stomatal conductance. The non-linear interactions between these input variables could potentially mean that daily averages might respond differently to increased temperatures and [CO 2 ] than single-point calculations. Details of our test conditions and results are given in Appendix B.
The tests showed that the calculation of both instantaneous and daily transpiration rates increased similarly with increasing temperature by about 4%°C, with a similar temperature response over the entire CO 2 range (Fig. 10) . Transpiration rates decreased by about 30% over the CO 2 range from 400 to 900 ppm. There was little difference between the temperature responses of instantaneous and daily transpiration rates, but in response to increasing [CO 2 ], instantaneous responses were about 10% larger than daily averaged responses. It was clear that for both instantaneous and daily-summed values, and across the range of potential future changes, the CO 2 -driven reductions in stomatal conductance could have a greater effect on transpiration rates than the temperature-and VPDdriven increases. Both instantaneous calculations and calculations summed over whole days thus provided qualitatively similar answers that only differed marginally in their magnitudes. In the interest of maintaining transparency, we therefore opted to express results in the following based on instantaneous calculations.
Transpiration Rates Under Changing [CO 2 ] and Temperature
In the following, we illustrate the response of plant transpiration rates to changes in [CO 2 ] and temperature. Our main focus is on the response of forests in different regions of the world to expected changes over the twenty-first century. We begin by showing responses under standardised conditions and then move on to calculate responses based on expected changes in the key underlying drivers.
We used the PMeq to calculate changes in transpiration rate in response to changes in the underlying biophysical drivers (i.e. temperature and associated VPDs) and stomatal conductance. Transpiration rates increase strongly with increasing temperature (Fig. 1a) , especially for unstressed forests, for which transpiration rates 1 increase from about 4 to 11 mmol m −2 s −1 from 5 to 40°C.
Reducing stomatal conductance (in response to plant stress) reduces transpiration rates, especially for forests. At 5°C, reducing stomatal conductance (to ¼) reduces forest transpiration rates by more than half, which is less evident in grasslands (Fig. 1b) . In unstressed forests, transpiration rates increase with increasing temperature by about 4.5%°C −1 (Fig. 1c) . Proportionately, increases are less pronounced at higher temperatures, with increases in transpiration by unstressed forest increasing by only about 1.5%°C −1 at 40°C.
Proportional increases are greater for stressed than unstressed stands. This is because with increasing transpiration rates, aerodynamic resistance attains increasingly greater importance and eventually curtails maximum rates, leading to diminishing responsiveness to increasing temperatures. Under stressed conditions, transpiration rates are less affected by these additional limitations.
Relative increases in transpiration rates with temperature are generally greater at lower temperatures, slightly greater for forests than for grasslands and greater under stressed than unstressed conditions (Fig. 1c, d ). These temperature sensitivities are the basic measures that matter in assessing the response to climate change. Figure 2 shows changes in transpiration rates for a range of possible combinations of increasing temperature and decreasing stomatal conductance. Relative changes in response to changes in the key drivers are numerically greater for forests (Fig. 2a) than grasslands (Fig. 2b) , especially for the response of transpiration rates to stomatal closure. In essence, transpiration rates from forest canopies are predominantly controlled by VPDs, whereas transpiration rates from grassland canopies are more strongly controlled by radiation absorption [81] .
Increasing temperature and VPD therefore have stronger effects on forest than grassland transpiration. Through stomatal , sustained over about half a day (i.e. 40,000 s), equates to a water loss of 3.6 kg m −2 day −1 or 3.6 mm day . This is calculated for typical forests (a, c) and grasslands (b, d) that are either stressed or wellwatered, with corresponding differences in canopy conductances. We assumed aerodynamic conductances of 3.33 cm s −1 for forests and 1.54 cm s −1 for grasslands [80] and canopy resistances of 2 and 0.5 cm s −1 for unstressed and stressed plants, respectively. Net radiation was kept at 400 μmol (quanta) m −2 s −1 for all simulations, and the daytime minus night-time temperature difference was 10°C closure, forests can also exert greater control over their transpiration rates than grasslands. If grasslands partially close their stomata, the canopy's temperature increases, with the resultant increase in VPD largely negating the effect of stomatal closure. In better ventilated forest canopies, foliage heating is less pronounced through sensible heat exchange with the surrounding air so that a similar extent of stomatal closure can more effectively curtail transpirational water loss than in grasslands.
Having recognised that two facets of climate change-increasing temperature and rising [CO 2 ]-have opposing effects on transpiration, it is compelling to ask which process dominates. However, before we compare the importance of these opposing processes, we must consider the effect of an additional feedback effect. Any [CO 2 ]-stimulated increases in photosynthesis are likely to also increase leaf area. This creates a positive feedback to stimulate photosynthesis even more through enhanced radiation absorption. More radiation absorption by greater leaf area will also increase transpiration rates. While increasing [CO 2 ] reduces transpiration rates through stomatal closure, any attendant increases in photosynthesis also act to increase transpiration rate by maintaining higher stomatal conductance and providing enhanced leaf area for radiation absorption.
The extent of this additional effect is illustrated in Fig. 3a by showing future photosynthesis rates under expected [CO 2 ] with and without the leaf area feedbacks (Fig. 3b) . If LAI is kept constant, relative plant responses to increasing [CO 2 ] are the same irrespective of their LAIs (the solid lines in Fig. 3a) . However, if changes of increasing leaf area are included, it further enhances the direct photosynthetic response (dashed lines). This is most pronounced for plants with low initial LAI at low [CO 2 ], for which the response to elevated [CO 2 ] can be increased substantially through the LAI feedback. With increasing initial LAI, the importance of that feedback effect diminishes as most radiation can be absorbed even by the lower initial leaf area. While leaf area still increases with further increasing [CO 2 ], it is physiologically less significant because it provides little additional radiation absorption, with the consequent positive feedback effect being muted.
The simulations in the rest of the paper used an LAI/ A n ratio of 0.2, a value appropriate for relatively dense initial canopies (LAI ≈ 4). Calculated changes in transpiration rates with increasing [CO 2 ] and warming thus essentially compare the effectiveness of transpirationsuppressing stomatal closure with transpirationenhancing increasing temperature. The positive feedback effect of enhanced leaf area development contributes towards increasing future transpiration rates. This feedback effect would have been more pronounced if parameters with lower initial LAI had been used and less pronounced if higher initial LAI had been simulated. In contrast to the response of forest systems, transpiration rates from grasslands are less responsive to stomatal closure with reductions in transpiration rates by 26-35% (with LAI feedbacks). As stated before, transpiration rates from grasslands are more strongly controlled by radiation than transpiration rates from forests. That means that other factors, such as temperature, VPD or stomatal conductance, have greater influence on forest than grassland transpiration. Figure 5 shows calculations for one specific climate change scenario for a New Zealand forest, with changes in the key quantities over time. It uses the same assumptions regarding aerodynamic resistance of forest ecosystems as given in (Fig. 5b) . A fourth frequently used RCP, RCP 4.5, showed modelled responses that were generally similar to those under RCP 6.0. In the interest of clarity, these simulation results have been omitted from the following graphs.
Temperature is expected to increase strongly over the twenty-first century, especially under RCP 8.5 (Fig. 5a ). Expected increases are more moderate under RCP 6.0, and under RCP 2.6, temperatures may even peak by about 2060 with little consistent pattern thereafter. These temperature increases are associated with increasing VPDs that may increase by as much as 25% under RCP 8.5, with more moderate increases under RCP 6.0 and increases of only about 5% under RCP 2.6 (Fig. 5c) .
These temperature increases are largely driven by increases in [CO 2 ] that could reach concentrations of over 900 ppm by the end of the century under RCP 8.5 (Fig. 5b) . Increasing [CO 2 ] not only adds to global warming but also allows greater photosynthesis. Under RCPs 6.0 and 8.5, assimilation rates are projected to increase steadily throughout the twentyfirst century, but under RCP 2.6, they are expected to increase only to about 2040 before returning to values similar to those in the twentieth century (Fig. 5d) 2 ] has an overriding effect, and under RCP 8.5, stomatal conductance is expected to be more than halved by the end of the century (Fig. 5e) . This provides both positive and negative effects on transpiration rates, but with all factors combined, they point towards reducing transpiration rates (Fig. 5f ). Projected changes are quite strong under RCP 8.5, with transpiration rates reduced by more than 20% by the end of the century. This net reduction in transpiration rates shows that strongly reduced stomatal conductance in response to a large relative increase in [CO 2 ] is the dominant influence on future transpiration rates. Reductions in transpiration rates are greatest under the highest RCP. Reductions in transpiration rate are also apparent and reasonably strong under RCP 6.0, but under RCP 2.6, transpiration rates at the end of the century are essentially the same as currently.
The reductions in transpiration rate shown in Fig. 5f have been calculated under the assumption that assimilation rate will increase in line with predictions based on the relevant photosynthetic theory (Fig. 5d) (Fig. 6) .
The simulations show that transpiration rates will be reduced even more if photosynthesis does not increase under elevated [CO 2 ] (dashed lines in Fig. 6a ) than if photosynthesis increases (solid lines). These differences are also quite substantial, with reductions in transpiration rates amplified by about one third if there are no changes in assimilation rates. For plant growth, water use efficiency is ultimately the most important measure of future water limitations. Water use efficiency is also expected to increase substantially over the twenty-first century, with responses being reasonably insensitive to assumptions regarding photosynthetic downward acclimation (cf. the dashed and solid lines in Fig. 6b ). 2 ] are likely to be greatest on water-limited sites where nutrition is adequate because that is where feedback inhibitions through nutrient depletion are minimised and where water use efficiency, rather than direct CO 2 responses of photosynthesis, attains its greatest importance [82, 83] .
Changes in transpiration rates will depend strongly on the relative magnitudes of changes in [CO 2 ] and temperature. CO 2 is a long-lived gas that is well-mixed in the atmosphere, leading to similar rates of increase across the globe. Concentration differences between sites can therefore generally be ignored. Temperature increases, however, are more variable, with greater increases at high latitudes, in particular, while smaller increases are generally expected for tropical regions or islands where temperature increases are likely to be buffered by the more-slowly warming oceans [1] . Even the same temperature changes can lead to different relative changes in transpiration rates as transpiration rates are proportionately more responsive to temperature changes at colder than warmer starting temperatures (see Fig. 1b) .
In order to investigate how the opposing influences of [CO 2 ] increases and warming will affect forest transpiration rates into the future, we obtained background climates and expected climatic changes for six representative sites across the globe. They range from tropical to boreal locations and cover both southern and northern hemispheres. Mean annual temperatures range from − 3°C at the Canadian site to 27°C in Brazil (Table 1) .
The simulations show reductions in transpiration rates for most sites and most RCPs, with reductions increasing with higher RCPs (Fig. 7) . Reductions in transpiration rates are even greater if there is photosynthetic downward acclimation (dashed lines). It indicates that the transpiration-depressing effect of elevated [CO 2 ] generally dominates over the transpiration-enhancing effect of increasing temperature. The only site with only minor changes under any RCP is the tropical rainforest site in Brazil, where the stimulating and inhibiting processes had similar weight.
For all sites, there are only minor transpiration changes under RCP 2.6 -it even increases slightly (Fig. 7) . Under RCP 2.6, highest [CO 2 ] is reached by the middle of the twenty-first century, with decreasing concentrations thereafter (Fig. 5b) . Hence, the transpiration-depressing factor would be waning by the end of the century, while the transpiration-enhancing increased temperatures still persist to lead to slight increases in net transpiration rates.
This partly reflects the temporal disconnect between [CO 2 ] and subsequent climate change. Under the rapidly increasing [CO 2 ] under RCP 8.5, the transpiration-depressing effect is effective before the full warming is fully realised some decades later. Under RCP 2.6, [CO 2 ] increases first but then begins to fall in the latter parts of the twenty-first century. That gives time for the transpiration-enhancing warming to catch up, leading to gradually increasing transpiration rates over the latter part of the twenty-first century.
While instantaneous transpiration rates decrease under RCP 8.5, this can be negated by lengthening growing seasons for many locations around the world (Fig. 8) . In Australia, New Zealand and Brazil, even current temperatures already allow year-round photosynthesis and transpirational water loss so that warming does not change the length of the growing season.
For colder sites with current growing seasons of less than 365 days, however, any future warming is likely to lengthen the growing season (Fig. 8b, d , f) and with it annual total transpiration rates [18] . At some sites, lengthening growing seasons can turn small changes in summertime transpiration rates into increases in total annual transpiration rates (Fig. 8a, c, e) , especially where the fractional change in growing season length is quite large, such as at the taiga site (Fig. 8a, b) . Surprisingly, once changing season length is factored in, the largest increases in annual transpiration rates are seen under RCP 2.6 because even the small warming under RCP 2.6 can be appreciable but any transpiration-depressing increase in [CO 2 ] will have dissipated by the end of the twenty-first century. Consequently, while under RCP 2.6, there are expected to be only slight changes in instantaneous transpiration rates at the boreal site (Fig. 8a) , increasing growing season lengths turn those into substantial season-long increases of about 35% (Fig. 8a) . The enhancement of changes in seasonal transpiration compared to instantaneous rates is similar under the other RCPs.
For the taiga (Fig. 8b) , and especially the temperate broadleaf forest site (Fig. 8d) , the increase in growing season length can be substantial. Even though the expected warming is greater for the taiga than for the temperate broadleaf forest site (Table 1) , its effect on growing season length is more pronounced for the temperate site. As current temperatures are already close to the defined productivity threshold, a given temperature increase can lead to a greater change in growing season length than for the taiga site with a more extreme current climate. On the other hand, even the smaller increase in growing season length at the taiga than the broadleaf site constitutes a greater relative increase, thus having a greater effect on percentage changes in transpiration rates.
Discussion
Our aim here was to explore the net effect of the interacting and opposing drivers of transpiration rates under future climatic conditions. In particular, we aimed to compare the relative effects of transpiration-enhancing temperature increases and transpiration-depressing [CO 2 ] increases. For that, we used the PMeq, a model for evapotranspiration that has been Mechanistic modelling of evapotranspiration rates can provide useful and reliable insights about future conditions provided that all relevant biophysical factors and their dynamics are represented realistically. The key inputs are the biophysical drivers of evapotranspiration, including temperature and vapour pressure deficit. In an assessment of future conditions, there are likely to be only small changes in net radiation. For estimating future transpiration rate, it is critically important to also consider likely changes in stomatal conductance [16•, 17 •] and its linkage to photosynthetic rates. Finally, locations with lengthening growing seasons may have increasing annual sums of transpiration rates even if instantaneous summer rates do not change or decrease. For understanding the overall balance of the water cycle, these rates of water loss must then be brought together with possible changes in precipitation.
Our analysis indicated that for most sites, reductions in stomatal conductance driven by increases in atmospheric [CO 2 ] are likely to be of greater importance in determining changes in transpiration rates than increases in temperature and associated VPD. It largely supports the notion that there will be lower transpiration rates in the future and thus reduced water limitations for plant productivity, especially for forest systems. The water relations of plant canopies are one of the most important determinants of future plant productivity [e.g. 60••, 78, 86] . Water dynamics are also important on their own as determinants of downstream water flows [54, 55] , which is important for the prediction of future water availability and infrastructure needs for the regulation of water flows [e.g. 87].
Our findings are largely consistent with most recent work [13-15, 23, 25•, 78, 86] but conflict with the findings of others, whose modelling work suggest a dominant drying trend in future [19-22, 26, 88, 89] . As pointed out in the early work of McKenney and Rosenberg [15] , there is a key difference between predictions based on mechanistically based models, like the Penman-Monteith equation, and simpler formulations, like the Thornthwaite method.
The Thornthwaite method [29] uses the current correlation between the key drivers of evaporation rates, temperature and radiation, to provide a simplified assessment of responses to future conditions. These simplifications, however, are not likely to hold in future as warming will not be accompanied by corresponding increases in net radiation. Enhancements of evaporation rate based on the Thornthwaite method are therefore likely to significantly overestimate future increases in evaporation rates. Thus, only formulations that explicitly include all the different drivers of evaporation rates, and their projected changes into the future, can give balanced assessments of likely future evaporation rates [15, 25•] .
Furthermore, for predicting changes in transpiration rather than evaporation rates, any changes in stomatal conductance also need to be explicitly included in the assessment [e.g. 13, 16•, 17•]. While many uncertainties remain in the response of plants to a changing climate, one of the most consistent responses is partial stomatal closure in response to increasing [CO 2 ] (see the list of relevant observations given in Empirical Evidence to Underpin the Key Assumptions Section above). While evaporation rates are solely driven by physical weather factors, transpiration rates are additionally impacted by this direct plant physiological response to [CO 2 ]. For an overall assessment of future water balances, changes in both evaporation and transpiration are important. With transpiration rates becoming curtailed by partial stomatal closure, evaporation is therefore likely to become relatively more important as a process of water loss.
There are likely to be different patterns of changes in evaporation or transpiration rates across the globe (e.g. Figs. 6 and 7) [23, 90] . Our present work aimed to complement these global studies by focusing more strongly and explicitly on the interplay between the key driving variables that are generally not discernible within global-scale simulations. All sites experience similar changes in [CO 2 ], but even the physiological response to a given change in [CO 2 ] is likely to vary in conjunction with differences in background air temperatures. The CO 2 limitation of photosynthesis generally increases with increasing temperatures [27] so that the CO 2 responsiveness of photosynthesis is expected to be greater for sites from warmer than cooler locations.
While the direct effect of elevated [CO 2 ] in reducing stomatal conductance can have the same effect everywhere, the stimulation of photosynthesis is more important at warmer sites. Any stimulation of photosynthesis would act to keep stomata open under elevated [CO 2 ]. That effect can be seen in the difference between acclimated and non-acclimated simulations being largest for the tropical simulations and less pronounced for temperate and boreal forests (Fig. 7) .
The transpiration-suppressing direct [CO 2 ] effect then competes with the transpiration-enhancing effect of increasing temperature and VPD. Among our investigated sites, temperature increases were particularly small for New Zealand (Table 1) , probably because New Zealand is a relatively small island surrounded by ocean that buffers future temperature increases. With less temperature-driven enhancement of transpiration rate, the depressing effect of increases in [CO 2 ] dominates the overall response for a relatively large net reduction in transpiration rates (Fig. 7) .
The high-latitude sites in Sweden and the taiga, in contrast, can expect higher temperature increases, with relatively little net change in transpiration rates over the summer months. Summed to a whole year, however, transpiration rates of these sites can increase substantially, especially that of the taiga site because of the effect of substantially lengthening growing seasons (Fig. 8) .
In the present work, we have focussed solely on transpiration and the interplay between stomatal conductance and atmospheric evaporative demand, as forced by changes in temperature and VPD. In contrast to transpiration rates, evaporation rates will not be curtailed by changes in stomatal conductance and could respond solely to the transpirationenhancing effect of increasing temperature. Evaporation rates from free surface water or moisture on soil surfaces may thus increase while plant transpiration rates will not. While total water dynamics from vegetated land surfaces are usually dominated by transpiration, a consideration of total water dynamics needs to consider both evaporation and transpiration fluxes together. The evaporation from wet canopies after rainfall events may be particularly important for dense canopies that rely on repeated replenishment of their water resources. If that is reduced through greater evaporation of water from the canopy it could critically reduce the replenishment of the water resources of those canopies.
Overall water balances will be affected by the combined effect of changes in both evaporation and transpiration rates. Enhanced evaporation rates will affect longer-term water balances by reducing soil water recharge when the canopy and soil are wet. As soils partially dry, evaporation rates diminish, water loss by transpiration begins to predominate and any reductions in transpiration rates may delay the onset of developing water stress.
Detailed assessment of changes in transpiration rates for a small number of specific sites also allows a detailed analysis of the importance of specific components of the overall response, such as the [CO 2 ] × temperature interaction in the photosynthetic response to elevated [CO 2 ]. This is clearly seen through the difference between acclimated and nonacclimated changes in transpiration rates. Where temperatures are high, as in tropical forest, the difference between acclimated and non-acclimated responses is larger than in Sweden or the taiga where temperatures are lower (Fig. 7) . A strong [CO 2 ] × temperature interaction is deeply embedded in the relevant underlying photosynthetic equations.
However, as a further complication, when Kirschbaum and Lambie [6••] [6••] . This has important implications for expected growth responses to naturally increasing [CO 2 ] for regions with different temperatures. This is an important current source of uncertainty that needs urgent resolution to provide more confident prediction of likely growth responses in the future.
The simulations shown here used a stand-level approach where conditions external to the stand were assumed to be unaffected by simulated changes within the stand. However, if whole landscapes respond similarly to an external factor, such as stomatal closure in response to elevated [CO 2 ], then larger scale feedback processes play an additional role [81] . In addition to radiative forcing by elevated [CO 2 ], partial stomatal closure in response to elevated [CO 2 ] reduces transpirational surface cooling and thereby adds to global warming (termed 'CO 2 physiological forcing'). This CO 2 physiological forcing was calculated to add an additional 10-15% to global warming, especially over forested regions [91] [92] [93] .
However, despite the reduced transpiration rates, studies using global circulation models generally found only small effects of CO 2 physiological forcing on atmospheric moisture levels, thus not contributing a further feedback effect. While reductions in atmospheric moisture levels might have been expected, there are complex reasons responsible for this absence of a relationship as discussed in detail by Boucher et al. [92] .
Importantly, these global studies suggest that there are only minor landscape-level feedbacks between transpiration rates and the drivers of transpiration rates. They are largely restricted to a small additional temperature increase by CO 2 physiological forcing but are not further impacted by changes in atmospheric moisture levels. It means that the stand-level findings shown above are unlikely to be overturned by wider-system feedback effects.
Conclusions
In this work, we brought together a number of separate elements to calculate future transpiration rates. The calculation of transpiration rates is well supported by the relevant underlying theory, and the key assumptions are well supported by relevant empirical observations. Together, they point to reduced transpiration rates into the future for most parts of the world because for most locations and under most RCPs, stomatal closure under elevated [CO 2 ] has a quantitatively larger effect in reducing transpiration rates than the effect of increasing temperature in increasing transpiration rates.
Uncertainty remains in relation to the full extent of increases in photosynthesis under elevated [CO 2 ]. This leads to a range of possible reductions in transpiration rates from moderate if there is a strong increase in photosynthesis to even greater reductions in transpiration rates if photosynthetic rates remain similar to present-day rates. Calculated changes in water use efficiency were even greater than reductions in transpiration rates and attained similar values irrespective of the uncertainty around photosynthetic adjustments. In currently cold parts of the world, however, increases in instantaneous transpiration rates were partly negated through lengthening growing seasons so that transpirational water loss over a whole season were found to increase at some locations even though daily transpiration rates during their current growing season may decrease [e.g. 18] .
The water relations of plant canopies are one of the most important determinants of future plant productivity.
Stand-level water dynamics are also important determinants of downstream water flows, which are important to predict future water availability and infrastructure needs for the regulation of water flows. It is, therefore, critically important to better understand any changes in these key fluxes. Through our work here, we aimed to contribute to a better understanding of likely future changes in these key processes. The work shows that alarmist negative outlooks are not warranted. Changes instead are likely to be complex and differentiated, depending in parts on factors such as possible photosynthetic downward acclimation and whether increases in season length may increase annual transpiration rates even if daily rates during current growing seasons may not change. A full assessment of future water dynamics requires a careful assessment of possible changes in their respective environments and individual circumstances. r a and r c are aerodynamic and canopy resistances. Equation A1b is the equivalence of Eq. A1a but uses aerodynamic (g a ) and canopy (g c ) conductances instead of resistances.
The vapour pressure saturation deficit was calculated as described in Section "Calculating Transpiration Rates" with e T ð Þ ¼ 610:78e
The psychrometric constant, γ, scales linearly with atmospheric pressure. The other terms in Eq. A1 were treated as constants and small temperature dependencies [see 14] were ignored.
where T day is the daytime temperature for which calculations are made, and P atm is atmospheric pressure (in Pa). The aerodynamic resistance, r a , in Eq. A1a was set as a constant for general vegetation types. We used daily average values measured during mid-summer at a woodland and grassland site in California [80] The canopy conductance, g c , in Eq. A1 was either calculated explicitly from stomatal conductance in relation to photosynthetic carbon gain, as described below, or set to specific prescribed values for some generic illustrations to: 
In the explicit calculation based on calculated stomatal conductance, we calculated canopy conductance, g c (in units of cm s −1 ), from g s and ρ a :
Calculating stomatal conductance and photosynthetic rates
We used the Ball-Berry equation [39] to calculate g s as a function of assimilation, relative humidity and [CO 2 ] given in Eq. 2 in the main text. The empirical parameter linking these quantities was set to 9 [94] . R h is relative humidity, calculated simply as:
where e a is the vapour pressure of the bulk air and e s is the saturated vapour pressure at leaf temperature. For the present purpose, net assimilation rate A n was calculated as the Ribulose-1,5-bisphosphate (RuBP) regeneration limited rate of photosynthesis [27, 94] as:
where w j is the RuBP regeneration-limited rate. We chose to base our calculations on the RuBP-regeneration-limited rate as that is the relevant limitation under low light, thus for the majority of conditions during the day and for foliage partly shaded by other leaves in the canopy, under cooler conditions since RuBP regeneration tends to be more temperature sensitive than Rubiscobased photosynthesis [27, 95] , and under higher [CO 2 ]. The RuBP-regeneration-limited rate is therefore likely to be the more common limitation, especially under future [CO 2 ]. It must be recognised, however, that under some circumstances, photosynthesis would be Rubisco limited and could exhibit a stronger CO 2 response than calculated here. The RuBP-regeneration-limited assimilation rate was calculated as:
where c i is the intercellular [CO 2 ], Γ * the CO 2 compensation point in the absence of non-photorespiratory respiration and J lim the light-limited rate of electron transport, calculated from a nonrectangular hyperbola as:
where α is the quantum yield of electron transport, I is the absorbed photon flux density, J max is the maximum rate of electron transport and θ is a curvature term in the relationship. Absorbed photon flux density was then calculated as:
where I 0 is incident photon flux density, L is leaf area index and k a light extinction coefficient [96] . Total absorbed net radiation, Q a , was assumed to be proportional to absorbed photon flux density so that
where q is a conversion factor between photosynthetically active radiation and total solar radiation, approximated as 0.5 [97] .
Leaf area index, L, was calculated as:
where p l is a proportionality term between photosynthetic carbon gain and leaf area index and A n is net assimilation rate as defined in Eq. A8. Equation A13 created a circular interdependence between A n and L that required an iterative computation sequence to be used to find overall convergence. These relationship were used here with:
In these equations, the intercellular [CO 2 ], c i , was calculated from the atmospheric [CO 2 ] based on Eq. 5 in the main text.
Plant-based water use efficiency, W, was calculated simply as the ratio of canopy carbon gain over canopy transpirational water loss as:
Future transpiration rates for specific sites [98] . The location of these sites is shown in Fig. 9 .
These sites represented a range of contrasting conditions from very warm and humid in the tropical rainforest site to a very short growing season with a long and extremely cold winter at the boreal taiga site.
Monthly data for the grid cells encompassing each site was downloaded from https://esgf-node.llnl.gov/ and the following fields were extracted for the analyses: daily minimum and maximum surface air temperature, downwelling shortwave radiation, atmospheric pressure and specific humidity. Calculations of E Tr and related variables were made directly from the monthly model output.
To determine and visualise trends in our simulations over the simulated period (2006 to 2100), data were first deseasonalised using the Seasonal Decomposition by Loess (stl) function in the R Stats (Version 3.4.1) and then smoothed using a 10-year running mean. At sites where growing season lengths were limited by cool temperatures, we weighted the E Tr calculated for the month by the fraction of days within that month for which the daily minimum temperature exceeded 0°C [79] . Growing season length was calculated by resampling monthly time series of simulated minimum temperatures to a daily time step using a spline function and calculating the number of days for which the minimum temperature exceeded 0°C.
Appendix B. Verifying the daily approach to determining future E Tr trajectories
Our analysis of future transpiration responses to climate change (Calculating Transpiration Rates, Transpiration Rates Under Changing [CO 2 ] and Temperature, Discussion Sections) is based on an instantaneous daytime E Tr that is calculated from Eq. A1 using projected climate variables aggregated at a daily time scale. However, inputs to Eq. A1 have large diurnal variations, and it was though possible that they could possibly interact in a highly non-linear manner. On subdaily time scales, such interactions would not be captured by our calculation of E Tr from daily data. If that had been the case, our approach using daily data as drivers might not have provided the best guide for E Tr responses to future warming and [CO 2 ] changes.
We investigated this issue by building two further sets of E Tr that were based on a 12-month data set of hourly observations from a co-located weather station and eddy covariance tower. We calculated:
1. Daily sums of E Tr calculated at hourly time steps from measured input data (temperature, [CO 2 ], humidity, radiation and pressure) 2. Instantaneous E Tr calculated from daily statistics derived from the hourly observations above but similar in form to those extracted from the CMIP5 output
We obtained 2013 weather data from a weather station maintained by New Zealand's National Institute of Water and Atmosphere and a co-located eddy covariance tower. The station and the tower were located over a dairy pasture site near Methven, Canterbury, New Zealand (43°40′ S, 171°3 5′ E) [99] . We used hourly mean temperatures, atmospheric pressure, wind speed and radiation, together with measured [CO 2 ]. The eddy covariance data provided direct [CO 2 ] measurements and other variables that are required to calculate r a . We were then in a position to determine whether the nonlinear interactions of driving variables on sub-daily time scales were sufficiently important to cast doubt on our conclusions (that were based on daily aggregations).
E Tr calculated at daily time scales was calculated identically to the scheme described in Section "Calculating Transpiration Rates" and Appendix A. E Tr calculated at hourly time scales used a similar scheme but hourly measurements of [CO 2 ], air temperature, specific humidity, pressure, radiation and aerodynamic resistance were used in Eq. A1a instead of daily estimates.
Aerodynamic resistance was calculated according to [100] : ) at the reference height, Z (m); d is the zero plane displacement height (m); z 0m and z 0h are the aerodynamic roughness lengths for momentum and heat, respectively; Ψ m (ς, ς 0m ), Ψ H (ς, ς 0h ) are the stability correction functions (for momentum and heat, respectively) integrated between the reference height and the appropriate roughness length (z 0m or z 0h ), and ς, ς 0m , ς 0h are dimensionless stability parameters, defined as ς = z/L, ς 0m = z 0m /L, and ς 0h = z 0h /L, respectively, where z = Z − d and L is the Obhukov length, calculated as:
where the friction velocity, u * , the sensible heat, H, and T K , the instantaneous air temperature in K (T K = T day + 273.15), were obtained from the eddy covariance tower and ρ a and C p are the same terms used in Eq. A1, and g is the gravitational constant, 9.81 m s −2 . To estimate wind speed at a reference height appropriate for forests, we used:
We used formulae for the integration of the stability functions under stable, neutral and unstable conditions from [101] . For the hourly estimates of the canopy resistance, r c , we used the same sequence of equations [95] [96] [97] [98] [99] [100] [101] that was used for instantaneous calculations. Calculated E Tr values from both daily and hourly data were then averaged over the entire year. We repeated the analysis for a range of projected temperature and [CO 2 ] increases by adding fixed increments of temperature and [CO 2 ] to the corresponding data sets collected in 2013. The relative response for both instantaneous and daily data under these altered climate conditions is shown in Fig. 10 .
The comparison between the two sets of simulations shows only small differences in the response to temperature changes and gave largely the same trends to changes in [CO 2 ], but the detailed full-day calculations resulted in marginally more conservative changes. For instance, at 900 ppm and with no temperature change, simulations based on point-simulations suggested reduced transpiration rates by about 40%, whereas the more detailed simulations gave reductions by only about 36% (Fig. 10 ). Similar differences were seen for the response to increasing [CO 2 ] at all different temperatures.
So, with trivial differences in the response to changing temperatures, and a difference of only 10% in the response 2 ], we concluded that the role of non-linear interactions of E Tr drivers on sub-daily time scales was relatively minor. This test thus validated the method of using instantaneous transpiration rates calculated from daily climate statistics to determine responses of E Tr to changing temperature and [CO 2 ]. This was seen as the appropriate approach in order to retain clarity and transparency of the calculations.
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